Diffusion tensor imaging (DTI) is considered to be able to non-invasively quantify white matter integrity. This study aimed to use DTI to evaluate white matter integrity in non-geriatric patients with major depressive disorder (MDD) who were free of antidepressant medication. DTI was performed on 19 non-geriatric patients with MDD, free of antidepressant medication, and 19 age-matched healthy subjects. Voxel-based and histogram analyses were used to compare fractional anisotropy (FA) and mean diffusivity (MD) values between the two groups, using two-sample t tests. The abnormal DTI indices, if any, were tested for correlation with disease duration and severity, using Pearson productmoment correlation analysis. Voxel-based analysis showed clusters with FA decrease at the bilateral frontal white matter, anterior limbs of internal capsule, cerebellum, left putamen and right thalamus of the patients. Histogram analysis revealed lower peak position of FA histograms in the patients. FA values of the abnormal clusters and peak positions of FA histograms of the patients exhibited moderate correlation with disease duration and severity. These results suggest the implication of frontalsubcortical circuits and cerebellum in MDD, and the potential utility of FA in evaluation of brain parenchymal integrity.
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Diffusion tensor imaging (DTI) is considered to be able to non-invasively quantify white matter integrity. This study aimed to use DTI to evaluate white matter integrity in non-geriatric patients with major depressive disorder (MDD) who were free of antidepressant medication. DTI was performed on 19 non-geriatric patients with MDD, free of antidepressant medication, and 19 age-matched healthy subjects. Voxel-based and histogram analyses were used to compare fractional anisotropy (FA) and mean diffusivity (MD) values between the two groups, using two-sample t tests. The abnormal DTI indices, if any, were tested for correlation with disease duration and severity, using Pearson productmoment correlation analysis. Voxel-based analysis showed clusters with FA decrease at the bilateral frontal white matter, anterior limbs of internal capsule, cerebellum, left putamen and right thalamus of the patients. Histogram analysis revealed lower peak position of FA histograms in the patients. FA values of the abnormal clusters and peak positions of FA histograms of the patients exhibited moderate correlation with disease duration and severity. These results suggest the implication of frontalsubcortical circuits and cerebellum in MDD, and the potential utility of FA in evaluation of brain parenchymal integrity.
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Introduction
Major depressive disorder (MDD) is a common disorder with a chronic pattern of recurrence and a lifetime prevalence of 16.2% (Kessler et al., 2003) . It is the fourth most disabling medical condition worldwide based on disability-adjusted life years (Greenberg et al., 1993) . The neurobiology of MDD is not completely understood. A number of previous studies involving morphometric analysis using optical dissector methodology, voxel-based morphometry using magnetic resonance imaging (MRI), single photon emission computed tomography (SPECT), and positron emission tomography (PET) have reported a reduction in cortical thickness and the density of cortical neurons, as well as alterations in cerebral blood flow or glucose metabolism of cerebral cortices in MDD. These results are suggestive of gray matter pathology (Graff-Guerrero et al., 2004; Uranova et al., 2004; Egger et al., 2008; Fujimoto et al., 2008) . On the other hand, recent converging evidence based on the findings of diffusion tensor imaging (DTI) is suggestive of abnormalities of white matter or frontal-subcortical circuits (e.g., Tekin and Cummings, 2002; Bae et al., 2006; Nobuhara et al., 2006; Shimony et al., 2009) .
DTI is an MRI technique which can quantify white matter integrity noninvasively and in vivo (Moseley, 2002) . This technique enables quantification of white matter integrity through its ability to detect motion of water molecules. Many studies suggest that DTI can uncover microstructural white matter abnormalities that cannot be detected by other MRI techniques (e.g., Nagesh et al., 2008; Tha et al., 2010) . It has also been reported that the abnormalities revealed by DTI correlate significantly with clinical severity in various white matter pathologies (e.g., Della Nave et al., 2007; Tha et al., 2010) . Two major indices, fractional anisotropy (FA) and mean diffusivity (MD), are usually used to quantify microstructural white matter integrity by DTI (Moseley, 2002) . FA quantifies the degree of directional coherence, whereas MD quantifies the degree of magnitude of water diffusion. 
